Discadenine, 3-(3-amino-3-carboxypropyl)-N6-A2-isopentenyladenine, which inhibits spore germination, was previously found in Dictyostelium discoideum. Studies on the distribution of discadenine in different species of cellular slime molds by high-pressure liquid chromatography showed that discadenine is present in D. discoideum, Dictyostelium purpureum, and Dictyostelium mucoroides, but not in Dictyostelium minutum, Polysphondylium violaceum, or Polysphondylium pallidum. Discadenine synthetase, which is involved in biosynthesis of discadenine with N6-A2-isopentenyladenine as substrate, was only detected in cells of the former three species. In addition, discadenine inhibited spore germination only in these three species. These results clearly demonstrate that discadenine is produced as an inhibitor of spore germination in the species of cellular slime molds in which the acrasin is cyclic adenosine 5'-monophosphate (AMP). This means that there is a structural and biochemical correlation between the spore germination inhibitor and the acrasin, since 5'-AMP, a direct precursor in discadenine biosynthesis, can be derived from cyclic AMP by hydrolysis with cyclic AMP phosphodiesterase.
biologically synthesized from N6-A2-isopentenyladenine (i6Ade) by transfer of the 3-amino-3-carboxypropyl moiety of S-adenosylmethionine (9) , and we named the enzyme responsible for this reaction discadenine synthetase. We subsequently showed that in the biosynthesis of i6Ade in D. discoideum, the isopentenyl group is transferred to 5'-AMP from isopentenylpyrophosphate, and the isopentenyl AMP thus formed is then converted to i6Ade (10) . In fact, fruiting bodies of D. discoideum contain a large quantity of free i6Ade (7) . It is unknown whether i6Ade itself has any biological function in D. discoideum, but it has an important role as a growth hormone in plants. Our studies on the regulation of discadenine biosynthesis revealed that both discadenine and i6Ade appear in cells of D. discoideum at the stage of culmination and that discadenine synthetase and 5'-AMP:A2-isopentenylpyrophosphate A2-isopentenyltransferase are induced at specific stages after cell aggregation (M. Ihara, Y. Taya, and S. Nishimura. Exp. Cell Res., in press). 5 '-AMP can be derived from cyclic AMP (cAMP) by hydrolysis catalyzed by cAMP phosphodiesterase. cAMP is an important molecule in differentiation of cellular slime molds; that is, it is an acrasin that induces aggregation of the cells. cAMP functions as an acrasin only in particular species of slime molds. Namely, it acts as an acrasin in Dictyostelium purpureum, Dictyostelium mucoroides, and Dictyostelium rosarium (2) , whereas some other low-molecular-weight compounds with unknown structures act as acrasins in Dictyostelium minutum (4), Dictyostelium lacteum (5), and Polysphondylium (12) . It is interesting that the same spore germination inhibitor, possibly discadenine, is found in D. purpureum, D. mucoroides, and D. discoideum, and that it differs from a spore germination inhibitor found in Polysphondylium violaceum (3, 6) . These results prompted us to study the structural relation between acrasins and spore germination inhibitors in various species of slime molds. The results described in this paper showed that discadenine is only produced by certain species of slime molds in which the acrasin is cAMP.
MATERIALS AND METHODS
Organisms. The Spore germination assay. Spores harvested from 4-day-old sori were suspended in liquid A-medium. For removal of germination inhibitors, spores were washed by agitation in a Vortex Junior Mixer for 1 min and centrifuged at 400 x g. This procedure was repeated three times, and the supematant fluid was discarded after each wash. The spores were then suspended at a concentration of 107/ml in A-medium. The assay mixture contained the following components: 0.1 ml of washed spore suspension, 0.7 ml of Amedium without agar, 0.1 ml of an overnight culture of K. aerogenes, and 0. 
RESULTS
Detection of discadenine in fruiting bodies. Ethanol extracts of fruiting bodies ofvarious species of cellular slime molds were fractionated as described above to obtain the discadeninerich fraction, and the amount of discadenine present in the fraction was measured by HPLC. A sharp peak, which coincided in position with marker discadenine, was detected in samples of D. discoideum, D. purpureum, and D. mucoroides (Fig. 1) , whereas no peak was detected in this position in samples of P. violaceum, P. pallidum, and D. minutum. For further confirmation that these peaks were due to discadenine, the UV absorption characteristics of the fraction corresponding in position to discadenine were examined. The UV spectra of the peak fractions of D. purpureum, D. discoideum, and D. mucoroides were identical with that of authentic DLdiscadenine (data not shown), indicating that the peak obtained by HPLC is that of discadenine. The identity of the materials was further established by comparing the chromatographic mobility of the peak fraction with that of authentic discadenine by thin-layer cellulose chromatography (n-butanol-acetic acid-water, 4:1:2) (9) . From the results it was concluded that discadenine was produced by D. discoideum, D. purpureum, and D. mucoroides, but that in the three other species, D. minutum, P. violaceum, and P. pallidum, if any discadenine is produced, it amounts to less than 1/50 that in D. discoideum.
Detection of discadenine synthetase activity. Discadenine synthetase was assayed as described in Materials and Methods by using extracts of celis in the middle of the culmination stage as an enzyme source. As shown in Fig. 2A1 and Bi, a radioactive peak that coincided with the discadenine marker was clearly seen on paper chromatography in the case ofD. purpureum and D. mucoroides. This peak was not detected when the reaction was carried out in the absence of i6Ade, indicating that the product was in fact discadenine (Fig. 2A2, B2 Mobile phase, 25% methanol-10 mM HCOONH4 (pH 3.7). Flow rate, 50 ml/h. extracts of D. minutum, P. violaceum, and P. pallidum (Fig. 2C, D , and E). From these results it is concluded that discadenine synthetase is present in D. discoideum, D. purpureum, and D. mucoroides, but not in D. minutum, P. violaceum, or P. pallidum. Inhibition of spore germination by discadenine. Significant inhibition of germination of the spores of D. discoideum, D. purpureum, and D. mucoroides was observed with 2 ItM DLdiscadenine, but no inhibition of germination of spores of the three other species was observed even with 10 ,M discadenine (Table 1) . Essentially the same results were obtained in two other separate experments (data not shown).
DISCUSSION
The three different experiments described in this paper, i.e., analysis of discadenine by HPLC, assay of discadenine synthetase, and assay of inhibition of spore germination by discadenine, clearly demonstrated that discadenine is produced as an inhibitor of spore germination in cells of D. discoideum, D. purpureum, and D. mucoroides, but not D. minutum, P. violaceum, or P. pallidum. This conclusion is consistent with the reports of Ceccarini and co-workers (3, 6) that D. discoideum, D. purpureum, and D. mucoroides contain the same spore germination inhibitor, possibly discadenine, but that it differs from the spore germination inhibitor present in P. violaceum. Ceccarini and co-workers also reported that the order of sensitivity of spores to this inhibitor was D. mucoroides > D. discoideum > D. purpureum. Our results in Table 1 support their findings. However, they reported large differences in the amounts of spore germination inhibitor present in these strains, which (Fig. 1A, B, and C) .
It is interesting that there is a structural correlation between spore germination inhibitors and acrasins in cellular slime molds; namely, discadenine is a spore germination inhibitor in species of cellular slime molds in which the acracin is cAMP ( 
